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– , $a_{e}(x)$ , $\Omega_{\mathrm{e}}(x)[=(a_{e}/T_{e})\mathrm{d}T_{\mathrm{e}}/\mathrm{d}x]$
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1 L . ,
$\text{ }T_{e}(L)\text{ }$ , – . –
. , ,
.
, ( 2 ).
.
, $\rho_{e}(x),$ $S_{\mathrm{e}}(x)$ $e$ , $-$
– $P\mathrm{o}$ . , ,
,
,
$\frac{\partial\rho’}{\partial t}+\frac{\partial}{\partial x}(\rho_{e}u’)=\frac{2}{R}\rho_{\mathrm{e}}v_{b}$ , (3.1)
$\rho_{e}\frac{\partial u’}{\partial t}=-\frac{\partial p’}{\partial x}$ , (3.2)
$\frac{\partial S’}{\partial t}+u’\frac{\mathrm{d}S_{e}}{\mathrm{d}x}=0$ (3.3)
. , $\rho’,$ $u’,$ $p’,$ $S’$ x , ,
( e ( po)) ,
114
, $v_{b}$ ( 2 ).
, :
$\frac{p}{p0}=\frac{\rho T}{\rho_{e}T_{e}}$ , $\frac{p}{p0}=(\frac{\rho}{\rho_{e}})^{\gamma}\exp(\frac{S-S_{e}}{c_{v}})$ . (3.4)
, $\gamma(=c_{\mathrm{p}}/c_{v})$ , $c_{\mathrm{p}}$ , , .






, $v_{b}$ $u’$ :
$v_{b}=C \sqrt{\nu_{\mathrm{e}}}\frac{\partial^{-\frac{1}{2}}}{\partial t^{-_{2}}\iota}(\frac{\partial u’}{\partial x})+C_{T^{\frac{\sqrt{\nu_{\mathrm{e}}}}{T_{e}}\frac{\mathrm{d}T_{e}}{\mathrm{d}x}\frac{\partial^{-}\tau u’1}{\partial t^{-\#}}}}$. (3.6)
, C, CT , Pr ,
$C=1+ \frac{\gamma-1}{\sqrt{Pr}}$ , $C_{T}= \frac{1}{2}+\frac{1}{\sqrt{Pr}+Pr}$ (3.7)
$\nu_{e}(x)(=\mu/\rho_{e})$ , .
$-1/2$ [3] :
$\frac{\partial^{-\frac{1}{2}}u}{\partial t^{-\perp}2}$ \equiv f-t\infty --$\sqrt$u(tx-,\tau \tau )d\tau (38)
(3.6) (3.1) , u’ (3.2) , p
:
$\frac{\partial^{2}p’}{\partial t^{2}}-\frac{\partial}{\partial x}(a_{\mathrm{e}}^{2}\frac{\partial p’}{\partial x})+\frac{2a_{\mathrm{e}^{\sqrt{\nu_{e}}}}^{2}}{R}\frac{\partial^{-1}2}{\partial t^{-\}}}[C\frac{\partial^{2}p’}{\partial x^{2}}+\frac{(C+C_{T})\mathrm{d}T_{e}\partial p’}{T_{e}\mathrm{d}x\partial x}]=0$ . (3.9)
, $\text{ }a_{e}(x)\text{ \sqrt{\gamma po/\rho_{e}}\text{ }$ . I=P(x)e”
,
$(1-2C \delta_{\mathrm{e}})a_{e}^{2}\frac{\mathrm{d}^{2}P}{\mathrm{d}x^{2}}+[1-2(C+C_{T})\delta_{e}]\frac{a_{\mathrm{e}}^{2}}{T_{\mathrm{e}}}\frac{\mathrm{d}T_{e}}{\mathrm{d}x}\frac{\mathrm{d}P}{\mathrm{d}x}+\omega^{2}P=0$ (3.10)
. , $P$ , $\delta_{e}$
$\delta_{e}(x)=\frac{(1-\mathrm{i})}{R}\sqrt{\frac{\nu_{e}}{2\omega}}=\frac{1}{R}(\frac{\nu_{e}}{\mathrm{i}\omega})^{1/2}$ (3.11)
$(|\delta_{e}|\ll 1)$ . (3.10) , ,
1 [6].
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, $x=0$ $P=0$ , ( ) $x=L$





(3.10) , $P$ $F=ZP(\text{ }$ ,
$Z=(1-K\delta_{e})a_{e}/a_{0}$ $K$ , $a_{0=}a_{\mathrm{e}}(0))$ , (3.10)
:
$X \frac{\mathrm{d}}{\mathrm{d}_{X}}(X\frac{\mathrm{d}F}{\mathrm{d}_{X}})+MX\frac{\mathrm{d}}{d_{X}}(\frac{a_{e}}{T_{e}}\frac{\mathrm{d}T_{e}}{d_{X}}F)+\mathrm{Y}F=0$ . (3.13)
$X,$ $\mathrm{Y},$ $K,$ $M$ , (3.10) $\delta_{\mathrm{e}}$ –
. 1 $\Omega_{e}$ , $X=(1-C\delta_{e})a_{e},$ $\mathrm{Y}=^{\omega^{2}}+C_{T}\delta_{\mathrm{C}}(a_{e}\mathrm{d}\Omega_{e}/\mathrm{d}_{X}+\Omega_{e}^{2})$ ,









. $X$ $\xi$ $X\mathrm{d}/dx=a_{0}\mathrm{d}/d\xi$
, $\mathrm{Y}$ $C_{T}\delta_{e}\Omega_{\mathrm{e}}^{2}$ , $\xi$ ,
. $C_{T}\delta_{e}\Omega_{e}^{2}$ , \mbox{\boldmath $\delta$} --
:
$F=B^{+} \mathrm{e}^{\mathrm{i}k^{+}\xi}+B^{-}\mathrm{e}^{\mathrm{i}k^{-}\xi}+\mathrm{i}\frac{2C_{T}}{C}\frac{\lambda b}{L}(\frac{B^{+}}{k^{+}}\mathrm{e}^{\mathrm{i}k^{+}\xi}+\frac{B^{-}}{k^{-}}\mathrm{e}^{\mathrm{i}k^{-}\xi})\mathrm{e}^{\lambda}\mathrm{r}^{\xi}$ (3.15)
. , $B^{\pm}$ , $b=C\delta_{e}(0)$ . $\sigma$
$\omega L/a_{0}$ , $\psi=(\sigma^{2}-\lambda^{2}/4)^{1/2}$ , $k^{\pm}L=-\mathrm{i}\lambda/\mathit{2}\pm\psi$ ( ) .
, $\xi$ $x$
$\xi=\int_{\mathit{0}}^{x}\frac{a_{0}}{(1-C\delta_{e})a_{e}}dx=\frac{L}{\lambda}[\log\zeta+b(\zeta-1)]+O(b^{2})$ (3.16)
. , $\zeta=1+\lambda x/L$ . $x=L$ , $\xi$
\xi =\xi L . (312) dF/d\xi
$\frac{dF}{\mathrm{d}\xi}=\{\frac{\lambda}{L}[1-\frac{2C_{T}}{C}(1+\lambda)b]+(1-\frac{1}{C})\frac{R\sigma^{2}}{L^{2}}b\}F+O(b^{2})$ (3.17)
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. \xi =0 F=0 , B\pm
, :















b , b –
$\log(1+\lambda)+\lambda b=-\cdot\frac{\lambda}{2\psi}[\log(\frac{1+2\mathrm{i}\psi/\lambda}{1-2\mathrm{i}\psi/\lambda})\pm 2\mathrm{i}n\pi]$
$+ \frac{\lambda}{\lambda^{2}/4+\psi^{2}}[\frac{2C_{T}}{C}\lambda-(1-\frac{1}{C})\frac{R}{L}\sigma^{2}]b+O(b^{2})$ (42)
. , $n$ .
(b=O) . \psi
, $\log[(1+2\mathrm{i}\psi/\lambda)/(1-2\mathrm{i}\psi/\lambda)]=2\mathrm{i}\tan^{-1}$ (2\psi /\mbox{\boldmath $\lambda$}) , b
$\cot[\frac{\psi}{\lambda}\log(1+\lambda)\pm n\pi]=\frac{\lambda}{2\psi}$ (4.3)




$\lambda$ $\mathrm{e}^{2}-1$ . (4.3), (4.4) , ,
\mbox{\boldmath $\lambda$} \mbox{\boldmath $\sigma$} . \mbox{\boldmath $\lambda$}
\mbox{\boldmath $\sigma$} , C, CT . 3 \mbox{\boldmath $\sigma$}
$T_{L}/T_{0}[=(1+\lambda)^{2}]$ . $\lambdaarrow 0$ $\sigmaarrow\pi/2$
, $\lambdaarrow\infty$ $\sigma^{2}=\lambda+\mathit{2}\log\lambda-3+\mathrm{o}(1)$ .
b\rightarrow 0 . (42) b ,
, $b\propto 1-\mathrm{i}$ , (4.2) $b^{\mathit{0}},$ $b^{1}$
. , \psi
$\lambda^{2}/4+\psi^{2}=\sigma^{2}=c\lambda$ $c= \frac{2C_{T}}{C+(C-1)R/L}$ . (4.5)
$\lambda^{2}/4-\phi^{2}=\sigma^{2}=c\lambda$ (4.6)
.
c R/L . 3
, $(C=1.47, C_{T}=1.14)$ $(C=1.82, C_{T}=1.17)$ (4.5),
(46) . , R/L=005 .






, (41) |b| l , b
.





$\log(\frac{W+\mathrm{i}\psi}{W-\mathrm{i}\psi})=\log[==\frac{1\alpha \mathrm{i}(\beta-2\psi/\lambda)}{1\alpha \mathrm{i}(\beta+2\psi/\lambda)}]$ . (4.10)
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4: $T_{L}/T_{\mathit{0}}$ $[=(1+\lambda)^{2}]$ $\sigma$ , ,
\psi =0 \mbox{\boldmath $\sigma$}=\mbox{\boldmath $\lambda$}/2 , (a) , (b) .
$(\zeta_{0}arrow 0)$ .
$\psi$ , (4.1) :
$\log(1+\lambda)+\lambda\zeta$
$- \frac{\lambda}{2\psi}[-\mathrm{t}\bm{\mathrm{t}}^{-1}(\frac{\beta-2\psi/\lambda}{1-\alpha})+\tan^{-1}(\frac{\beta+2\psi/\lambda}{1-\alpha})\pm 2n\pi]=0$ (4.11)
$- \lambda\zeta+\frac{\lambda}{4\psi}\log[=\frac{(1\alpha)^{2}+(\beta-2\psi/\lambda)^{2}}{(1\alpha)^{2}+(\beta+2\psi/\lambda)^{2}}]=0$. (4.12)
– , $\psi$ , $SS, :
$\log(1+\lambda)+\lambda\zeta+\frac{\lambda}{4\phi}\log[=\frac{(1\alpha-2\phi/\lambda)^{2}+\beta^{2}}{(1\alpha+2\phi/\lambda)^{2}+\beta^{2}}]=0$ (4.13)
$- \lambda\zeta+\frac{\lambda}{2\phi}[-\tan^{-1}(\frac{\beta}{1-\alpha-2\phi/\lambda})+\tan^{-1}(\frac{\beta}{1-\alpha+2\phi/\lambda})\pm 2n\pi]=0$. (4.14)
, \mbox{\boldmath $\zeta$}o
. 4 , . $\zeta_{0}\text{ }$
, ,
. , $T_{L}/T_{0}\approx 7.897(\zeta_{0}\approx 0.47)$,
/T0 $\approx 8.213(\zeta_{0}\approx 0.54)$ , $\zeta_{0}$
. , $n$ , 1, 2, ... .
$\zeta_{0}$ , 5 ,
$R/\sqrt{\nu_{0}/\omega}(=R/\sqrt{\nu_{0}L/a_{0}\sigma})$ ,
$\ovalbox{\tt\small REJECT}(L)/T_{\mathrm{e}}(\mathrm{O})$ $[=(1+\lambda)^{2}]$ .
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5: $R/\sqrt{\nu_{0}}/\omega(=R/\sqrt{\nu_{0}L}/a_{0}\sigma)$ ,
$T_{L}/T_{\mathit{0}}[=(1+\lambda)^{2}]$ , (a) , $(b)$ .
,




, – . \mbox{\boldmath $\sigma$}
, . 6 \mbox{\boldmath $\sigma$} \mbox{\boldmath $\sigma$}’ ,
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